ABSTRACT: The objectives of this study were to investigate Tuberculosis (TB) knowledge, perceived risk, and risk behaviors in a sample of homeless persons with latent TB in the Skid Row district of Los Angeles. Particular emphasis was given to comparing these variables among homeless persons of varying ethnic backgrounds and among those who did and did not report a history of injection drug use (IDU). Baseline data were collected from 415 homeless individuals recruited to participate in a Tuberculosis chemoprophylaxis intervention. Areas of interest relative to TB knowledge and perceived risk for infection were behavioral factors surrounding substance use and abuse; personal factors measured in terms of current depression; and sociodemographic and situational factors, such as age, ethnicity, history of incarceration, and duration of homelessness. Findings revealed differences in substance abuse. IDUs were more likely to have histories of daily drug use and alcohol dependency, but were less apt to report recent use of crack cocaine. TB knowledge deficits centered on ignorance with respect to modes of transmission and risk factors for TB infection. IDU was also associated with depression. Latinos and IDUs were most likely to lack TB knowledge. There is a pressing need for accessible, available, culturally acceptable and sustained TB screening and intervention programs designed to address multiple risk factors and knowledge deficits with respect to TB infection in homeless populations.
INTRODUCTION
Despite the fact that tuberculosis (TB) is a preventable and generally treatable disease, it still causes more than two million annual deaths worldwide. The highest prevalence of reported cases nationwide are in California, New York City, and Washington DC. Among these, the greatest number is found in California (3297), specifically in Los Angeles County. 1 Hotspots for TB transmission in California are in prisons and drug-using inner city communities; an increased trend in TB infection among foreign-born persons has also been observed. 1 Homeless people are at high risk for both latent and active TB because they live in homeless shelters and other congregate facilities and are more likely to engage in risk behaviors, such as the use of injection drugs and other substances of abuse. [2] [3] [4] Moreover, several studies have demonstrated high rates of substance abuse among tuberculin positive individuals or those at high risk for infection. [5] [6] [7] In a recent study, Howard et al. 8 reported independent associations for tuberculin positivity and crack cocaine use, as well as alcoholism, among participants seronegative for human immunodeficiency virus (HIV). Given the connection between substance abuse and TB, along with high rates of reported drug use and abuse, [9] [10] [11] [12] and of alcohol use and abuse among homeless persons, 13 the potential for TB infection and spread is high among homeless populations.
Homeless persons are also more likely to experience mental illness. TB in combination with mental illness may prove to be a serious combination, as persons afflicted with mental illness are less likely to seek health care in a timely manner and they display decreased adherence to medication-taking. 14 Environmental and behavioral risk factors can predispose homeless persons to conversion of an otherwise latent infection into active disease and also negatively affect their motivation to engage in TB screening and treatment. 15, 16 Clearly, health care providers must continue to enhance outreach efforts to educate, screen, and subsequently treat homeless individuals wherever they reside. Although TB testing is an effective means of case finding, the temporary nature of homeless living situations often hinders outreach opportunities. Moreover, with survival concerns tending to take primacy over other matters, 3 homeless persons may not regard TB prevention as an important priority, particularly when TB knowledge is lacking. Poor knowledge about TB and its transmission may impact perceived risk of acquiring the disease and create treatment delays. 17 Lack of knowledge is particularly evident among populations that experience language barriers. 18, 19 If TB is not perceived to be a serious health risk, whether due to language barriers or other reasons, the likelihood of reducing the prevalence of TB in homeless populations will not be diminished. The prevalence of latent TB is higher among African Americans, Latinos, Asians/Pacific Islanders, and American Indians/Alaskan Natives compared to Whites, [20] [21] [22] with rates consistently highest among African Americans and Latinos. 8, 21, 23, 24 Prevalence is amplified for minority homeless populations. 7, 25 Among the poor and persons of color, social stigma, isolation and secrecy associated with a diagnosis of TB are additional important barriers that impact their ability to access care, and the ability of health care professionals to promote preventive services. [26] [27] [28] [29] Unless health care providers understand what their patients know about TB and what their misconceptions are, as well as their perceived risk for acquiring TB, it is highly unlikely that they can tailor prevention programs for populations of concern, especially those with multiple physical and social risk factors.
In this study, we examine TB knowledge, perceived risk and behaviors that are established risk factors for TB among a homeless sample with latent TB in the Skid Row area of Los Angeles. Of particular interest is a comparison of these variables among homeless persons of varying ethnic backgrounds and among those who report a history of injection drug use (IDU). Such information can guide the development of culturally appropriate educational programs to target specific ethnic groups in terms of successful access to care and adherence strategies.
The research questions are:
1. What are the differences in TB knowledge, perceived risk and selected risk behaviors among homeless African-American, Latino and white adults? 2. How do these variables differ by injection drug use status?
METHODS

Sample and Setting
Participants in this study include all individuals who were enrolled in a larger study designed to assess the completion rates of TB chemoprophylaxis among homeless adults who were randomized into a Nurse Case Managed Program or a Standard Program and received a 6-month course of INH. Participants resided in homeless shelters or residential treatment programs in close vicinity to the clinic where the intervention study was conducted. Homeless adults were eligible for the study if they tested positive for Purified Protein Derivative (PPD) on a Mantoux test; met the age criteria of 18-55 years, or over 55 years of age if they self-reported a risk activation factor for TB (such as being an injection drug user, or having an immuno-compromising illness); had been ruled out for active TB based upon negative chest X-Ray and a physical assessment; and had normal liver enzyme test results. A homeless person was defined as an individual who spent the last night in a shelter or substance abuse treatment program for the homeless. Participants were recruited by means of flyers posted at their shelters. All participants meeting study eligibility criteria were informed of the study, asked to read and sign consent forms, and were assured anonymity.
Procedure
Nurses and outreach workers who had experience working with homeless and drug-addicted adults collected data between 1997 and 2002. After obtaining informed consent, an appointment was made for the screening activities. TB-infected persons were excluded from the study if they demonstrated cognitive impairment, such as active hallucinations or stupor during the screening interview. Prior to commencement of the intervention study, nurses and outreach workers administered a questionnaire to the participants that took approximately 1 hour to complete. A nominal cash incentive was provided to compensate for time and inconvenience.
Instruments
Knowledge about TB was measured by a modified 13-item instrument that assessed modes of transmission, ease of contagion and susceptibility. 30 The items, which are displayed in Table 2 , had a response set that ranged from 1 (definitely true) to 4 (definitely false). The number of correct responses were summed to form a TB knowledge score with values ranging from 0 to 13.
Perceived risk for TB was measured by a single item that asked participants to gauge their risk of acquiring TB in the future. Respondents were asked to respond on a 4-point scale that ranged from 1 (very high) to 4 (no chance).
Drug and alcohol use were assessed with a revised version of the Texas Christian University (TCU) Drug History Form. 31 This questionnaire has been tested with men and women with a history of drug addiction, prostitution and homelessness. It records the frequency of use of 16 drugs by injection or other means during the past six months and also elicits information about lifetime use. Drugs assessed are: heroin, street methadone, other opiates, cocaine, crack, methamphetamine and other amphetamines, inhalants, marijuana/hashish, hallucinogens, tranquilizers, barbiturates, other sedatives, designer drugs, and alcohol and nicotine. The CAGE questionnaire, assessing history of alcohol dependency, was administered to identify persons with a high likelihood of alcohol dependence or abuse. Injection drug use was defined as any use of drugs by injection, regardless of frequency, during the last 6 months (recent) and lifetime. Objective measures of drug use were not obtained as they only provide relatively short-term evidence of drug use. Further, our research team collected hair samples in a previous study of homeless women and we found reasonable concurrence between self-report and objective evidence of cocaine use. 32 Current depression was measured by the Center for Epidemiological Studies Depression (CES-D) scale. 33 The instrument is a 20-item scale that measures frequency of symptoms on a 4-point continuum and has well-established reliability and validity. Examples of CES-D items are ''You felt depressed,'' and ''You felt fearful.'' Scores on the CES-D ranged from 3 to 53. In the current study, Chronbach's alpha coefficient for the CES-D scale was .85.
A structured instrument assessed age, ethnicity, education, time homeless, marital status, and history of incarceration.
Data Analysis
Differences in sociodemographic characteristics, TB knowledge, perceived risk, and risky drug behaviors of the participants separated by injection drug-using behavior, and subsequently by race, were examined using chi-square tests and ANOVAS, or Kruskal-Wallis tests, depending on the distributions of the variables under consideration.
RESULTS
Sociodemographic Characteristics
Homeless persons in the total sample were predominantly male (80%), African American (82%), single (59%) and, on average, homeless for more than 2.7 years (SD 3.5). The mean age of the sample was 41 (SD 8.6 ) and the mean years of education completed was 12 (SD 1.82). Table 1 depicts the sociodemographic characteristics and risk behaviors of the sample as a function of lifetime IDU. A total of 415 participants were included in this study, of which 88 (21%) self-reported a history of IDU; the majority of these individuals were African American. IDUs in the sample were older than non-IDUs, and had been homeless for a longer period of time. Compared to non-IDUs, homeless adults who used injection drugs were more likely to be White or Latino. No differences were noted among IDUs compared to non-IDUs with respect to education or veteran status. 
Risk Behaviors
Findings revealed that substance use differed by subgroup. When compared to their non-IDU counterparts, homeless adults who had used injection drugs at some point were more likely to report a history of alcohol dependency (67% vs. 44%, respectively), daily drug use (44% vs. 24%, respectively), and daily drug or alcohol use (51% vs. 31%, respectively). On the other hand, crack was less likely to be used by IDUs compared to non-IDUs (31% vs. 71%, respectively). No significant difference was found with respect to current use of alcohol.
In terms of risk behavior by ethnicity, Latinos were more likely to report alcohol use in the last six months (91%) compared with African Americans and whites (72% and 74%, respectively; p < .05). They were also more likely to use injection drugs in the last six months when compared to their African-American and White counterparts (32% vs. 10% vs. 24%; p < .01). No ethnic differences were found with respect to alcohol dependency.
Psychological Health
In terms of current depression, 63% of IDUs were found to score 16 or above on the CES-D, which is consistent with clinical depression. This rate was higher than that for homeless adults who never reported use of injection drugs (47%). No depression differences were found based upon ethnicity.
Knowledge of TB Injection by Drug Use
Overall, both IDUs and non-IDUs responded similarly to the TB Knowledge items that assessed ease of contagion and susceptibility (data not shown). However, one important difference observed between the two groups was that IDUs were less likely than non-IDUs to know the modes of transmission of TB (42% vs. 57%, respectively; p < .05). The sample as a whole (both IDUs and non-IDUs) showed greatest awareness on the item measuring knowledge that people can die from TB if not treated (82% and 75%, respectively). However, less than two-thirds demonstrated awareness that TB is spread by close contact with an infected person, that homeless persons are at greater risk for TB than the general population, that those with a compromised immune system are especially vulnerable to TB, and that it is easier to get TB if one is HIV-infected. Only about one quarter of the respondents were aware that people could become resistant to TB medication.
Knowledge of TB by Ethnicity
The overall TB knowledge score was 17.7 (SD 3.19). The scores were normally distributed. No significant differences were found in knowledge score by ethnicity; however, Latinos reported a somewhat lower mean score (6.03) compared with African Americans (7.33) and Whites (7.17). Furthermore, no differences were reported by drug use (7.18 for IDUs vs. 7.08 for non-IDUs). Several important differences emerged when the individual TB knowledge items were assessed by ethnicity (Table 2 ). Latinos were less likely than African Americans and Whites to respond correctly to items that assessed knowledge of the modes of TB transmission (32% for Latinos vs. 56% and 62% for African Americans and Whites, respectively) and the highly contagious nature of TB (22% for Latinos vs. 46% and 48% for African Americans and Whites, respectively). Latinos were also less likely to know that minorities are at greater risk for TB infection. Both Latinos and African Americans were less likely than Whites to know whether TB infection can be identified by appearance.
Perception of Risk for TB
When asked about their risk for TB, IDUs were more likely than non IDUs to perceive themselves to be at high risk (78% vs. 65%) (data not shown). In terms of ethnicity, African Americans and Latinos were somewhat less likely than Whites to perceive themselves to be at high risk for acquiring TB.
DISCUSSION
Despite inroads made by TB prevention programs, TB remains an important health problem in the United States. 34 Respondents of a recent U.S. study, reported perceived knowledge of TB at a high level, while their actual knowledge was lower. Gender, education, income, and ethnicity were associated with knowledge and perceived risk. 35 Contributing factors for transmission of TB include residence in congregate settings and a high prevalence among persons born in countries where TB is endemic. 34 Acceptance of screening and any necessary chemoprophylaxis is poor when knowledge about the disease is limited or inaccurate. 36, 37 This link is not surprising in light of evidence that individuals take recommended health actions based on perceptions of personal susceptibility to a health threat, degree of severity of the threat, potential benefits of the health action, and any barriers to implementing the required action. 38 To a large extent, health and risk perceptions are driven by knowledge about the disease, in this case TB. 39, 40 
TB Knowledge and Perceived Risk: Influence of Ethnicity
Our findings revealed that Latinos were less likely to correctly identify factual information about TB than were African Americans and Whites. The gap in knowledge was greatest for TB transmission. Compared to the rest of the sample, Latinos were less likely to correctly identify that coughing and sneezing facilitated TB spread. They were also more likely to incorrectly assume that TB is readily recognizable. Moreover, Latinos were least likely to identify minority status as a potential risk factor for TB. These findings are consistent with those of other studies, including that of Ailinger and Dear 18 who reported that only 28% of low-income Latino immigrants understood their TB infection to be the result of person-to-person transmission and almost half had no explanation for the cause of their infection. Findings of our study likewise revealed that Latinos and African Americans were somewhat less likely to perceive themselves to be at risk for TB than Whites. Inaccurate assumptions about risks associated with minority status and modes of TB transmission have the potential to increase Latino susceptibility to infection. Lack of knowledge about TB, a low perceived risk for acquiring it, and increased risk related to foreign-born status further increase Latinos' risk of becoming infected and transmitting TB infection to others.
Although the Centers for Disease Control and Prevention (CDC) 34 notes that the TB rate has declined tenfold from 53 cases per 100,000 in 1953 to 5.6 cases in 2001, rates remain comparatively high among homeless populations and among the urban poor, ethnic and racial minorities, and the foreign born. These groups often fall under the radar of large-scale prevention and detection efforts because they present language and other barriers that require specific tailoring of prevention messages and they often are overwhelmed with daily survival needs. According to the California Department of Health and Human Services, 1 the proportion of foreign-born TB cases has continued to rise in the last decade. For example, in 1991, 61% of California's TB cases were among foreign-born persons compared to 72% in 2000. During 2000, the largest percentage of foreign-born TB cases reported in CA originated from Mexico (32%), followed by the Philippines (19%) and Vietnam at 13%. 1 An even more disturbing statistic highlights Los Angeles County as the leading metropolitan statistical area with a population of > 500,000 for total TB cases (n ¼ 1113), with 76% of these cases among foreign-born persons. 34 While the number of Latinos in our sample was small (9%), a full 70% were foreign-born (Mexico). With increasing numbers of immigrants from Mexico and Central America, it will be important to integrate essential information about transmission of TB infection in prevention programs offered to Latinos. It is also imperative that investigators evaluate the impact of difficult life circumstances and the role they play as a barrier to health screening and care.
No significant differences were found for perceptions of TB risk between African Americans and Latinos as compared with Whites. Nevertheless, as membership in either of these minority groups adds additional potential risk, outreach efforts to provide education will be particularly important for significant reductions in TB prevalence to occur.
Injection Drug Use
Our examination of TB knowledge relative to IDU status revealed that IDUs were less likely to know the modes of TB transmission than non-injection drug users. This finding is consistent with those of Salomon et al. 41 who reported that only 15% of 610 drug users engaging in a syringe exchange program in New York could correctly answer questions related to TB transmission, even though 92% knew that the disease is contagious. Similarly, Durante et al. 42 found that participants in a drug treatment program had widespread misconceptions about TB transmission, with many believing that TB could be prevented by bleaching needles or by not sharing drug paraphernalia. These data suggest that IDUs may be paying selective attention to prevention messages related to AIDS and other diseases acquired through parenteral transmission while relegating other important information to lower priority status. This practice can have severe consequences. For example, a recent study in Thailand found that individuals with strong AIDS knowledge, but with deficits in knowledge about TB, often misinterpret TB symptoms as an indication that they have AIDS and therefore delay seeking treatment or are non-adherent when they do seek it. 43 Programs must become better at linking TB prevention messages to the context of injection drug users' lives and their drug use behavior patterns, while at the same time remaining sensitive to issues of information overload.
Although past studies have established associations between IDU and TB infection, 41, 44 investigations targeted to identify specific behaviors among IDUs that are placing them at elevated risk for TB, independent of other comorbid conditions such as HIV infection, are lacking. Vulnerability of IDUs to TB due to immunosuppression is one possibility 7 and prevalence of HCV and TB co-infection has been found to surpass that of HIV in IDU and homeless populations. 45, 46 However, the relationship between these two infections remains unspecified.
Factors surrounding injection drug use are equally important to consider. As tuberculosis transmission declines in the general population, a proportional increase of cases attributable to activation will occur in persons with latent infection. 47 Control of tuberculosis requires preventing disease from developing in infected persons. Strong associations of TB with living in crowded conditions among the homeless and urban poor, with being incarcerated, and with use of IDU shooting galleries have been established. 5, 7, 34 Additionally, substance abuse has been found to be associated with poor adherence to treatment regimens. 16, 25, 48 Poor treatment adherence identifies perhaps the strongest argument for developing targeted and sustainable TB prevention efforts directed toward substance abusers, especially among those that are homeless. Environmental and behavioral risk factors can predispose homeless persons to conversion of latent infection into active disease, 15, 16 which, in turn, has a high potential for becoming multidrug resistant due to poor adherence to treatment regimens. Couple this with crowded living conditions, poor hygiene and malnutrition, along with a constellation of specific behavioral risk factors, and the potential spread of multidrug resistant strains of TB in homeless populations is substantial.
In this sample of homeless persons with a history of IDU, risk for TB infection existed on a number of fronts. These include chronic homelessness, history of imprisonment, behavioral factors, such as alcohol dependency and crack use, and demographic factors, such as race, age, and country of birth. To optimize screening and treatment programs, clinicians and lay workers providing TB prevention services to homeless persons need to be aware of the multitude of risk factors and knowledge deficits presented by this population. Among the most important issues are ensuring an understanding of the modes of TB transmission and that infection requires only a single exposure, developing cultural as well as contextual competency for delivering prevention messages, confirming that TB prevention messages are not inappropriately merged with others to create potentially serious misconceptions, and using targeted strategies to reach and intervene with IDUs to alter poor adherence to treatment regimens. Chaisson et al. 49 report improved adherence to TB treatment by IDUs when they are under supervised care and receive peer counseling. Reductions in Tuberculin positivity have also been observed when injection drug users are placed in methadone clinics and receive TB treatment under directly observed therapy. 16, 42 Because this study was cross-sectional, inferences about cause and effect relationships between the variables of interest, ethnicity and injection drug status, with TB knowledge and perceived risk are limited.
Moreover, the homeless persons sampled in this study resided only in sheltered conditions in the Skid Row district of Los Angeles and did not include individuals living on the streets or on a temporary basis with friends or relatives. Additionally, the number of subjects in some of the subgroups of interest was small, thus limiting power for selected comparisons. Despite these limitations, important relationships between ethnicity, IDU, and TB knowledge among homeless individuals provide solid direction for outreach efforts and the design of TB prevention programs.
Ten years ago, the CDC 50 outlined a series of recommendations directed at controlling TB in at-risk communities. Among these were launching public awareness campaigns about increasing TB incidence and prevalence, training public and private health-care providers in skills necessary to intervene; empowering those at risk with resources to influence community TB programs; establishing coalitions to assist in the design and implementation of intensified community TB prevention and control efforts; and improving the availability and quality of TB healthcare services. Our data suggest that these recommendations are just as relevant today as they were in 1992 and point to a pressing need for their serious and sustained implementation.
